Physical activity (PA) reduces the risk of many important causes of morbidity and mortality in older adults and helps to maintain good mobility and functioning ([@R8]). Older adults have the lowest PA levels of any age group ([@R1],[@R2],[@R10],[@R12],[@R38]), but PA promotion must also consider potential adverse consequences, including falls and associated injuries. One quarter to one third of community-dwelling individuals older than 65 yr fall each year ([@R4],[@R37]). With increasing longevity worldwide, falls prevention is a global public health challenge ([@R42]).

Epidemiologic studies have identified many risk factors for falling in older people---the most consistent being abnormal gait and poor balance ([@R16]). Trials have demonstrated that these physiological deficits can be improved with exercise programs including a sufficient dose (\>50 h) of moderate- to high-balance challenging activities ([@R33]). Yet, in practice, very few older people habitually engage in these planned and structured exercise programs. Instead, older adults derive their daily PA mostly from unstructured lifestyle PA, which includes functional activities such as walking for transport or recreation, household chores and gardening, and caring or volunteering work ([@R14]). Understanding how habitual activity relates to falls has important public health implications for PA recommendations.

Prospective studies of older adults have investigated how self-reported PA (from questionnaires) is related to falls, but findings have been inconsistent. Some studies reported that only high levels of moderate-intensity to vigorous-intensity PA reduce the risk of falls ([@R22],[@R30],[@R36]). Conversely, others reported that high PA levels increase the risk of falls ([@R7]), whereas others reported that both high and low PA levels raise the risk of falls ([@R29]), resulting in the hypothesis that there may be a U-shaped association where falls risk is elevated both among older adults who are very active (perhaps due to increased exposure to environmental risks) and also older adults who are very inactive (perhaps due to poorer muscle strength, coordination, and balance). The relationship between PA and falls may differ according to functional abilities and age: among oldest-old individuals (\>80 yr), those with lower PA levels were at increased risk for falls, whereas among younger-old individuals (\<80 yr) ([@R6]) and those with better functional ability (stronger leg strength) ([@R7]), higher PA levels were associated with increased falls risk.

Inconsistencies in findings about the shape of the dose--response relationship between PA and falls may partly be due to limitations of prior studies, including how PA was measured (e.g., examining just one PA domain, such as leisure), use of self-reported PA (resulting in misclassification biases), and inadequate control of confounders ([@R18]). Some of these limitations can be overcome using objective measures of PA. We therefore use data from hip-worn accelerometers to investigate how objectively measured PA is prospectively related to onset of falls. To our knowledge, this is the first study to do so. Given the importance of understanding dose--response relationships for formulating PA guidelines, we investigate i) the shape of associations between total amount and intensity of PA and occurrence of falls; ii) whether associations between PA levels and risk of falls differ by age and mobility status; and iii) the role of selected mediators. We study these questions using a sample of community-dwelling older adults who were part of an ongoing cohort study including oldest-old individuals in order to better understand these associations in a representative sample of community-dwelling adults.

METHODS
=======

Study Population
----------------

The British Regional Heart Study is an ongoing prospective cohort. A total of 7735 free-living men (age 40--59 yr) were recruited from a single primary care center in each of 24 British towns in 1978--1980 and were followed up repeatedly. In 1998--2000, participants (age 60--79 yr) completed a questionnaire, providing information on habitual PA (77% response rate) ([@R40]). For the purposes of this article, the baseline time point is 2010--2012, when 3137 surviving community-dwelling men were invited to attend a physical examination, to complete questionnaires, and to participate in a study of objectively measured PA. One year later, the men were sent a questionnaire where they reported falls history. The National Research Ethics Service Committee for London provided ethical approval. Participants provided a written informed consent for the investigation, which was performed in accordance with the Declaration of Helsinki.

Measures
--------

### Baseline accelerometer data

In 2010--2012, participants were asked to wear the GT3x accelerometer (ActiGraph, Pensacola, FL) over the right hip on an elasticated belt for 7 d during waking hours, removing it when swimming or bathing. The data collected were processed using standard methods; raw data collected from movements registering on the vertical axis were integrated into 60-s periods (epochs). Nonwear time was identified and excluded using a commonly used and freely available computer package "Physical Activity" ([@R9]). Valid wear days were defined as ≥600 min of wear time; participants with three or more valid days were included in the analysis, a conventional requirement to estimate usual PA levels ([@R13],[@R19],[@R20]). The number of minutes per day spent in PA of different intensity levels was categorized using standard count-based intensity threshold values (counts per minute) developed for older adults ([@R11]): \<100 for sedentary behavior (SB) (\<1.5 METs), 100--1040 for light activity (1.5--3 METs), and ≥1040 for moderate to vigorous PA (MVPA) (\>3 METs). The following variables were used as exposure: steps per day (to indicate total volume of activity); minutes per day of sedentary time, light PA, and MVPA in 1-min bouts; and minutes per day of MVPA accumulated in 10-min bouts (to indicate intensity of activity). For each PA variable, the mean value for all valid days over the week was averaged to obtain an average per valid day. Coefficients were scaled to 1000 steps and 30 min of sedentary time, light PA, and MVPA for ease of interpretation in regression models.

### Baseline covariate data

In 2010--2012, men completed questionnaires including the following questions: i) "At the present time, are you afraid that you may fall over?" \[*very fearful*, *somewhat fearful*, *not fearful*\]; responses to a similar single question on fear of falling correlate with validated scales, including the Falls Efficacy Scale and the Survey of Activities and Fear of Falling in the Elderly scale ([@R25]); and ii) "Do you have any difficulties getting about outdoors?" \[*no difficulty* vs *slight difficulty*, *moderate difficulty*, *severe difficulty*, *unable to do*\]. Men were identified as having vision problems if they reported suffering from macular degeneration, glaucoma, or cataract. The number of chronic conditions (in the following list) that men suffered from was recorded: "heart attack, heart failure, angina, other heart trouble, diabetes, stroke, osteoporosis, claudication, Parkinson's disease, and arthritis affecting knees, hips, or feet." Men completed the four-item Geriatric Depression Score; those scoring ≥2 were classified as depressed. Men reported whether they lived alone or with others. They completed the Duke Activity Status Index (DASI) fitness scale (a series of questions on the ability to do increasingly strenuous activities) from which a fitness score estimating peak V˙O~2~ was calculated ([@R23]). Nurses administered a sit-to-stand test, recording the number of times within a timed 30-s period that men could sit down on a chair and stand up again without using their hands.

Habitual PA level was self-reported on a questionnaire completed 10 yr earlier (1998--2000); a six-point PA score based on self-reported usual walking, cycling, and sporting and recreational activities was validated against forced expiratory volume in 1 s and heart rate ([@R41]). Social position was based on the longest-held occupation reported in previous surveys (classified as manual or nonmanual).

### Outcome data

Men were followed up (2011--2013) 1 yr after the accelerometer survey and completed a questionnaire. Men were asked: "Have you had a fall in the past 12 months?" \[*yes*/*no*\] and "If yes, how many falls have you had in the past 12 months?" This question has high specificity and acceptable sensitivity for detecting falls in the previous 12 months ([@R17]).

Statistical Methods
-------------------

Summary measures of baseline demographic and social variables were calculated according to history of falls in the past 12 months. Linear regression models tested differences in continuous variables across three groups (nonfallers, single fallers, and recurrent fallers); differences in categorical variables were tested using chi-square test. The same approach was taken to compare men with mobility limitations and men without mobility limitations.

Number of falls was highly positively skewed (mean, 0.4; variance, 3.3), indicating overdispersed data. Therefore, negative binomial models were used; these are comparable to Poisson regression in terms of mean structure but have an extra parameter to model overdispersion ([@R3]). The incidence rate ratio (IRR) for total number of falls over the year (range, 0--40) was estimated for each PA measure. Interactions between each PA variable and i) mobility limitations (*no difficulty* vs *some difficulty*, *moderate difficulty*, *severe difficulty getting about outdoors*) and ii) age (under vs over 80 yr) were tested by fitting an interaction term and testing model fit with a likelihood ratio test. When significant interactions were detected, analyses were stratified.

Using a negative binomial generalized additive model (GAM), we investigated the hypothesis that the association between PA and number of falls may be nonlinear. GAM is a nonparametric model that permits nonlinear relationships to be modeled flexibly without specifying the nonlinear functional form. This modeling approach is an extension of the generalized linear model, where parametric regression terms are replaced by nonparametric functions such as scatterplot smoothers ([@R21]). We used GAM to approximate the synergistic contribution of a number of covariates, such as PA levels and participant characteristics, to the response variable (number of falls after 1 yr) without making any *a priori* assumptions about the underlying processes or trends, which may be highly complex. Analyses were performed using the "mgcv" package in R (version 2.15.3; ©2013, The R Foundation for Statistical Computing) ([@R21],[@R31],[@R43]). The best-fit GAM was chosen based on the Akaike information criterion and by using the lowest number of degrees of freedom if the Akaike information criterion score was approximately the same. Predictions from GAM were plotted and restricted to the central 95% of the data because data were very sparse at the extremes of the distribution (although all data were retained in regression models).

Next, we assessed the role of mediators between each PA variable and onset of falls. For linear associations, negative binomial models with PA variables fitted as linear variables were used. For nonlinear associations, we used the Stata function "mkspline" to model associations between PA and risk of falls, specifying one knot at a point selected based on the shape of the association seen in GAM. The spline model provides an estimate of the association before and after the turning point of the function (knot). To evaluate the role of potential mediators, we adjusted model 1 for confounders: age, region of residence, season of accelerometer wear, and accelerometer wear time (minutes per day). Model 2 additionally included history of falls at baseline. Model 3 additionally included risk factors for falls: number of chronic diseases, number of medications, depression, vision problems (presence of glaucoma, macular degeneration, or cataract), and living alone. Model 4 included the DASI as a measure of fitness, and model 5 included the sit-to-stand test as an indicator of lower-limb strength. Analyses were conducted in Stata version 13 ([@R35]). Sensitivity analyses i) used a higher cutpoint of 1952 counts per minute, which was calibrated to identify MVPA in middle-age (rather than older) adults and is widely used ([@R15]); and ii) compared single fallers to nonfallers and recurrent fallers to nonfallers to evaluate the importance of recurrent falls.

RESULTS
=======

A total of 3137 surviving men were invited to attend a clinic-based rescreen in 2010--2012, of which 1655 (52%) agreed to attend the clinic-based rescreen and to wear an accelerometer. Of these, 1566 (95%) returned the accelerometer. The sample was restricted to 1455 (88%) of 1655 community-dwelling men (living at home, i.e., excluding residents of care homes) who did not report being confined to a chair and had ≥600 min of accelerometer wear time for 3--7 d (mean age, 78.3 yr; range, 71--93 yr). Among these men, 940 (65%) of 1455 provided follow-up data 10--14 months later, of whom 700 (74%) of 940 had complete covariate data (Table, Supplemental Digital Content 1, Flow chart for participants in study at baseline and follow-up, <http://links.lww.com/MSS/A522>). Comparing the 700 participants retained in the analysis to men who completed the 2010--2012 questionnaires but were not included in the analysis, those retained were more active (62% vs 52% self-reported light or greater PA 10 yr earlier; *P* \< 0.001) and less likely to have fallen once or more at baseline in 2010--2012 (16% vs 19%; *P* = 0.03).

### Participant characteristics

Among the 700 ambulatory men at 1-yr follow-up, 9% (*n* = 61) reported one fall in the previous 12 months and 10% (*n* = 67) had recurrent falls (range, 2--40; only two men fell \>10 times). Among fallers, the median number of falls was 2 (interquartile range \[IQR\], 1--3) per man. Characteristics of the analysis sample (overall and stratified by falls at 1-yr follow-up) are reported in Table [1](#T1){ref-type="table"}. Single fallers had more characteristics similar to those of nonfallers. However, compared to nonfallers and single fallers, recurrent fallers were older, were more often from the manual social class, had more chronic diseases, had higher prevalence of fear of falling, vision problems and depression, and were more likely to live alone. Recurrent fallers had lower scores on the sit-to-stand test (weaker lower-limb strength) and lower DASI fitness scores. They had lower activity levels (total counts, steps, MVPA, and less SB) than single fallers and nonfallers.

###### 

Baseline characteristics of 700 men who reported falls history at 1-yr follow-up and baseline mobility limitations.

![](mss-47-2119-g001)

Table [1](#T1){ref-type="table"} presents the characteristics of 66% (*n* = 471) of men who reported that they had no problems getting about outdoors and 33% (*n* = 229) of men who reported slight to severe mobility problems outdoors. Men with no mobility difficulties had higher scores on the sit-to-stand test (better lower-limb strength) and higher DASI fitness scores. They took more steps per day (5734 vs 3464 steps per day; *P* \< 0.01) and spent more time in light PA and MVPA and less time in SB than did men with mobility difficulties. Men reporting mobility limitations also reported more difficulties with activities of daily living (Table, Supplemental Digital 2, Characteristics of men with and without mobility limitations, <http://links.lww.com/MSS/A523>).

### Associations between PA and number of falls in men with and without mobility limitations

Associations between baseline PA levels (step counts, sedentary time, light PA, and MVPA) and number of falls differed by presence of mobility limitations (likelihood ratio test for interaction, *P* \< 0.05 for all PA types). However, there was no evidence of interaction with age group (\<80 vs ≥80 yr) (likelihood ratio test for interaction, *P* \> 0.05 in each case). Models were therefore stratified by mobility limitations.

The shape of the associations between each PA measure and number of falls was investigated using GAM. Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} present predicted estimates and 95% confidence intervals (CI) from GAM stratified by mobility limitations and adjusted for falls risk factors (baseline number of falls, age, body mass index \[BMI\], number of chronic diseases, number of medications, depression, vision problems, and living alone) and measurement-related confounders (wear time, region, and season). In men with no mobility limitations, higher activity levels (step counts and 1-min or 10-min bouts of MVPA; Fig. [1](#F1){ref-type="fig"}A, C, E) were associated with increased risk of more falls, whereas the trend of higher number of falls at lower levels of SB was not statistically significant (Fig. [2](#F2){ref-type="fig"}C). The opposite pattern was seen for men with mobility limitations; lower activity levels (step counts and 1-min or 10-min bouts of MVPA; Fig. [1](#F1){ref-type="fig"}B, D, F) and more time in SB were related to higher risk of more falls (Fig. [2](#F2){ref-type="fig"}D). There was a trend for light PA being associated with falls risk in the same direction as MVPA, although more weakly; however, this did not reach statistical significance in either mobility limitations group (Fig. [2](#F2){ref-type="fig"}A, B). A visual examination of the plots indicated that there was little suggestion of nonlinear associations, with the exception of the association between step count and number of falls in men without mobility limitations; men with the highest step counts had increased risks of more falls. At around 9000 steps per day, the lower 95% CI crossed the risk of one fall (indicating that the risk increases significantly) and the risk increased rapidly thereafter; at around 11,000 steps per day, the risk had doubled to two falls. However, only 12% of participants took over 9000 steps per day. The other potential nonlinear association was between sedentary time and number of falls among men with mobility limitations: risk of falls began to rise after ≥600 min·d^−1^ of sedentary time (this level of SB was reached by 72% of participants). In these two cases, we then investigated whether categorical variables---high step count (≥9000 steps per day compared to less) and sedentary time (≥600 min·d^−1^ compared to less)---were associated with falls.

![Relationships between steps per day (panels A and B) and daily minutes of MVPA (accumulated in single minutes in panels C and D, and accumulated in bouts lasting 10 minutes or more in panels E and F) and number of falls, stratified by mobility limitations (no mobility limitations vs slight/moderate/severe mobility limitations). For each PA level, smoothed function from GAM, 95% CI (*dotted lines*), and *P* values are reported. Each model is adjusted for wear time, age, region, season, number of falls at baseline, living alone, BMI, number of chronic diseases, depression, vision problems, and use of medications.](mss-47-2119-g002){#F1}

![Relationships between daily minutes of light-intensity physical activity (LIPA) (panels A and B) and sedentary time (SED) (panels C and D) and number of falls, stratified by mobility limitations (no mobility limitations vs slight/moderate/severe mobility limitations). For each PA level, smoothed function from GAM, 95% CI (*dotted lines*), and *P* values are reported. Each model is adjusted for wear time, age, region, season, number of falls at baseline, living alone, BMI, number of chronic diseases, depression, vision problems, and use of medications.](mss-47-2119-g003){#F2}

Table [2](#T2){ref-type="table"} presents continuous associations indicating the strength of association between each PA measure and number of falls. Models were sequentially adjusted for measurement-related confounders (model 1) and falls history (model 2). Further adjustments for falls risk factors (model 3) and potential mediators (models 4 and 5) changed the strength of associations very little. Therefore, model 3 (adjusted for falls risk factors) is discussed here. Among men with no mobility problems, there was no evidence that light activity or SB was related to falls (Table [2](#T2){ref-type="table"}). However, each 30 min of MVPA (accumulated in 1-min bouts) was associated with an IRR for falls of 1.50 (95% CI, 1.10--2.03) (Table [2](#T2){ref-type="table"}, model 3). MVPA accumulated in ≥10-min bouts was even more strongly related to number of falls (IRR, 1.97; 95% CI, 1.20--3.22). In sensitivity analyses using a higher cutpoint of 1952 counts per minute to define MVPA, the IRR was 1.98 (95% CI, 1.28--3.08). Further adjustments for mediators---DASI fitness scale (model 4) and sit-to-stand test (model 5)---changed the estimates very little. Higher step count was associated with increased risk of more falls; however, given that GAM suggested a nonlinear association, negative binomial regression models using a spline with a knot at 9000 steps per day are presented in Table [3](#T3){ref-type="table"}. There was no significant association between steps per day and falls risk for men taking \<9000 steps per day (IRR, 1.03; 95% CI, 0.85--1.24), whereas the IRR for falls was 1.59 (95% CI, 1.16--2.18) for every 1000 steps, starting at 9000 steps per day (Table [3](#T3){ref-type="table"}, model 3). Step count was related to MVPA level (MVPA \>1040 counts per minute): geometric mean of 106 min·d^−1^ (IQR, 88--128) in men taking ≥9000 steps per day *versus* geometric mean of 38 min·d^−1^ (IQR, 22--56) in men taking \<9000 steps per day.

###### 

Associations between baseline PA and onset of falls (*N* = 700 men).
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###### 

Associations between baseline PA level and onset of falls: steps per day and falls in 471 men with no mobility limitations, and sedentary time (minutes per day) and falls in 229 men with mobility limitations.
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The associations between PA and number of falls were in the opposite direction among men with self-reported mobility problems. Higher step counts and MVPA levels were associated with reduced risks of falls, and higher sedentary time was associated with increased risks of falls. For number of falls, the values are as follows: IRR, 0.80 (95% CI, 0.70--0.91) for every 1000 steps per day (Table [2](#T2){ref-type="table"}, model 3); IRR, 0.87 (95% CI, 0.78--098) for every 30 min of light activity; IRR, 0.61 (95% CI, 0.42--0.89) for every 30 min of MVPA accumulated in 1-min bouts; IRR, 0.14 (95% CI, 0.04--0.46) for MVPA accumulated in ≥10-min bouts. In sensitivity analyses using the higher cutpoint of ≥1952 counts per minute for MVPA, the IRR was 0.29 (95% CI, 0.12--0.69). Further adjustments for DASI fitness scale (model 4) and sit-to-stand test (model 5) slightly attenuated the associations between steps and long bouts of MVPA with number of falls. The associations of both light PA and short bouts of MVPA with number of falls were fully attenuated upon adjustment for DASI and sit-to-stand test. Overall, higher levels of SB were related to higher IRR for falls (for every 30 min·d^−1^ of SB: IRR, 1.14; 95% CI, 1.03--1.25) (Table [2](#T2){ref-type="table"}). However, given that GAM identified a nonlinear relationship, Table [3](#T3){ref-type="table"} presents a spline regression model using a knot at 600 min·d^−1^ SB. No significant association between SB and falls risk (IRR, 0.98; 95% CI, 0.79--1.21) was observed for men with \<600 min·d^−1^ of SB; however, for more sedentary men, the IRR for falls was 1.22 (95% CI, 1.07--1.40) for every 30 min of SB starting at 600 min·d^−1^ (Table [3](#T3){ref-type="table"}, model 3). The increased risk was totally mediated upon adjustment for DASI score (Table [3](#T3){ref-type="table"}, model 4), but not for sit-to-stand test (Table [3](#T3){ref-type="table"}, model 5).

Sensitivity analyses comparing single fallers to nonfallers and recurrent fallers to nonfallers suggest that the associations were not strongly influenced by individuals with many falls.

DISCUSSION
==========

In this study of free-living older men, the associations between PA levels and subsequent risk of falls depended on mobility status. Among men without mobility problems (who were a more active group), there was an incremental increase in number of falls (IRR, 1.5) for every 30-min increase in MVPA. There was a steeper increase in number of falls at the highest step counts (≥9000 steps per day, a level achieved by only the most active 10% of the study sample), but lower step counts were not related to falls risk. Conversely, among men with mobility limitations, number of falls increased incrementally with lower step counts and lower levels of MVPA, and a nonlinear association between falls risk and SB was observed; SB \>10 h·d^−1^ was associated with steeper increases in number of falls.

### How our findings fit with other studies

Based on existing literature ([@R7]), we hypothesized that the association between PA and falls may differ by mobility limitations, and we found this to be the case. PA could either increase or decrease falls risk, depending on functional status, which may explain prior findings of a U-shaped relation between PA and falls risk ([@R18],[@R29]). One unifying explanation for these opposite relationships may be that highly active individuals perform beyond their abilities ([@R7]). Men with mobility limitations may be more aware of their physical capacities or exercise under practitioners' supervision or guidance due to their limitations; hence, activity workload is proportional to their abilities and provides the expected benefits preventing falls. In contrast, men without mobility limitations may expose themselves to greater risk either by being too fatigued to initiate corrective responses to prevent falls or by engaging in activities that do not suit their age and abilities. It is also possible that people with mobility limitations may perform types of activities different from those performed by people without limitations (accelerometer data are informative about duration intensity and frequency---but not type---of activity); if the activity has an inherently different risk of injury (e.g., if walking had a lower risk than gardening), this could account for the different associations between activity level and risk of falls in the groups defined by mobility limitations.

### Men with mobility limitations

Men with mobility limitations were less active than men without mobility limitations. Among men with mobility limitations, higher step counts, light PA, and MVPA were associated with lower number of falls. Number of falls declined by around 15% for every 30 min of light activity and by 40% for MVPA in bouts lasting 1 min, and the reduction was even greater for MVPA in ≥10-min bouts. However, for adults with difficulties getting about outdoors, doing 30 min·d^−1^ of MVPA in ≥10-min bouts would be especially hard, as this level of activity is unlikely to occur indoors. The associations between light PA and MVPA and number of falls were not much mediated by falls history (except for MVPA levels) but were mediated, in part, by lower fitness levels and weaker lower-limb strength. Men with mobility limitations had lower baseline levels of fitness and weaker lower-limb strength than men without limitations and thus may have more potential to gain from PA. Indeed, lower-limb weakness is reported to be an important predictor of falls ([@R27]), and increasing muscle strength may prevent falls, in part, due to better central and peripheral neural functions, which may in turn improve balance ([@R32]). However, aerobic fitness is not considered an important fitness dimension for fall prevention ([@R33]). We observed that higher levels of SB were associated with increased number of falls, particularly for SB \>10 h·d^−1^. The effect is in the same direction as prior observational studies of self-reported SB ([@R36]), although most studies just reported SB as low PA level rather than asking about sedentary activities. To our knowledge, the only other study that investigated objectively measured SB in relation to falls used an arm-worn monitor rather than a hip-worn monitor. Although results were not statistically significant, that study found that the associations were in the same direction as in our study; among men older than 80 yr, higher levels of SB were associated with higher risks of falls ([@R6]). Caution may be needed in interpreting findings in men with mobility limitations in that the degree of inactivity may in fact be a sensitive indicator of the severity of the disabling disease and that people with such a condition (who will also have limited strength) will be more likely to fall. We addressed this issue in the analyses by adjusting for the presence of a wide range of chronic conditions.

### Men without mobility limitations

Among men without mobility limitations, very high levels of activity were associated with higher risks of falls, potentially due to men stretching themselves beyond their abilities and exposing themselves to greater fatigue and, hence, risk of falls. The finding about higher step counts increasing the risk of falls fits with the findings of a meta-analysis, which showed that walking attenuated the beneficial effect of exercise programs on falls prevention and that high amounts of walking (\>3 h·wk^−1^), but not total MVPA level, increased the incidence of fractures ([@R28],[@R33]). Similarly, in the Osteoporotic Fractures in Men cohort, the strongest men in the highest quintiles of household activities were at the highest risk for falling ([@R7]). We did not see clear evidence that physical capabilities were important mediators between PA and falls risk in men without mobility limitations, perhaps because they already had higher baseline levels of lower-limb strength and aerobic fitness.

We learned from other prospective studies that PA is important for preventing the development of mobility limitations ([@R39]), which may in turn contribute to risk of falls. Although we did not aim to investigate whether higher activity levels were associated with reductions in the prevalence of mobility limitations in this study, we did find that 65% of men who reported mobility limitations at baseline also reported mobility limitations 1 yr later.

### Strengths and limitations

The study sample is a prospective study drawn from a community-dwelling cohort of older men spanning a 20-yr age range, rather than a special "at-risk" clinical population, which permitted us to investigate interactions between PA and both age and presence of mobility problems on falls risk. Our sample size is larger than those of previously published studies of objectively measured PA in older adults, and our study also benefits from extensive data on covariates that are risk factors for falls or mediators. Uniquely, the study benefits from using objectively measured PA at baseline. To our knowledge, this is the first study to investigate how objectively measured SB, using a hip-worn sensor, is prospectively related to risk of falls. To date, only one prospective study has investigated, using the arm-mounted Sensewear accelerometer, how objectively measured PA is related to risk of falls ([@R6]), but the comparability of Sensewear data with the most commonly used and validated hip-mounted accelerometer is unknown. Although accelerometers have the benefit of measuring intensity of PA, the type of activity that generated the MVPA was not recorded; hence, we are unable to determine whether the association with MVPA is type- or volume-dependent. This is important because of the different effects of MVPA on falls risk in those with or without mobility limitations; if people with mobility limitations were aware of their risk and therefore derived MVPA from safer activities in a safe setting, then the protective effect could be due to type of activity rather than volume. Our response rate was 52%, which was higher than those in other accelerometer studies of older adults: 21% ([@R13]) and 43% ([@R19]); in the Health Survey for England, 37% of women and 48% of men over 75 yr had four or more days with valid data ([@R12]). However, after restrictions, our analytic sample was smaller, which could introduce some selection bias. Although it is likely that physically inactive and immobile men are underrepresented, this will not necessarily affect the observed associations between PA and falls risk. Our study is limited to men, who, based on existing literature, would be expected to have lower rates of falls and higher levels of PA, particularly MVPA, compared to women ([@R24]). Therefore, our results may not be generalizable to older women. Prevalence of falls was a little lower in our study than in other studies ([@R26]), which may be partly explained by the male sample or by selection bias, as healthier individuals were more likely to participate and be followed up (we found that men with accelerometer data who were followed up had higher self-reported PA levels and lower prevalence of falls compared to men who only completed the baseline questionnaire in 2010--2012). Our assessment of falls at follow-up is a retrospective question about the past year and, thus, is not a truly prospective assessment, which may result in underreporting of falls compared to studies that use prospective monthly fall diaries; any nondifferential underreporting should bias the results toward the null hypothesis, which may mean that our estimates of associations are conservative. A review of studies investigating the effects of duration of recall period for falls reporting found that recall of falls over the previous year was specific (specificity, 91%--95%) although less sensitive (sensitivity, 80%--89%) than the gold standard of prospective data collection (fall calendars or postcards) ([@R17]).

### Policy implications

PA has a wide range of benefits for many health outcomes and is encouraged by public health guidelines. One of the few potential side effects is accident/injury; older adults are at the highest risk for falls, which can have serious health and social consequences on subsequent long-term rehabilitation and care both for fallers and for the society. Programs that encourage older adults with no mobility limitations to be physically active may need to incorporate falls prevention strategies to avoid excess falls, particularly among the most active individuals. Older adults mostly have low activity levels, and our data suggest that moderate increases in PA (especially light PA and overall step count) would have a very small impact on falls risk. However, if policies will focus on increasing MVPA (which is needed to achieve national PA guidelines), the need to include falls prevention measures alongside PA intervention will become more critical. To date, the most effective falls prevention programs (Otago, Falls Management Exercise, etc) ([@R5],[@R34]) incorporate balance challenge activities; this may be an important aspect of PA that is not fully addressed by encouraging walking. Additionally, awareness of and educational strategies for falls prevention in older adults may play a role in encouraging individuals to perform within reasonable activity levels. Future interventions could investigate whether programs that encourage more PA and less SB may help reduce the risk of falls in adults who report mobility limitations outdoors.

We stratified our sample using a simple one-item self-report of mobility problems outdoors---a question that could easily be used in primary care practice to screen for mobility problems. The results of the question were highly related to reports of problems with activities of daily living and thus have content validity. This question could therefore be used as a screening question to identify older adults who may have increased risk of falls if they are highly active and have no mobility problems or, conversely, older adults who may have reduced risk of falls if they are highly active but have mobility limitations.

CONCLUSIONS
===========

PA has multiple health benefits for older adults who are at high risk for diseases that can be ameliorated by PA. Activities that reduce the risk of falls, such as balance challenge activities (current UK PA guidelines recommend that balance challenge activities be performed twice a week), should be encouraged in highly active older adults who have no mobility impairments in order to reduce the risks of falls. Our findings can help shape public health recommendations for older adults without mobility limitations. However, among older adults with mobility limitations who have low levels of activity, our results suggest that future trials could investigate whether interventions increasing time spent in ambulation and reducing sedentary time may prevent falls, and whether increasing moderate to vigorous activities that raise heart rate and induce breathlessness might be particularly effective at reducing the risk of falls. Although we have described the associations between different intensities of activities and number of falls, we do not know exactly what type of activities were carried out. Thus, further research is needed to understand relationships between types of activities (e.g., walking, gardening, bowling) and falls.
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